ABSTRACT
A growing body of evidence suggests that endometriosis modulates the microenvironment of peritoneal cavity. Therefore, in this study, we compared the protein profile of peritoneal fluids from normal fertile women with those from patients with infertility, and patients with mild to severe endometriosis. Twodimensional gel electrophoresis of peritoneal fluids from normal subjects exhibited a distinct and reproducible pattern of proteins in the size ranges of approximately 35 to 80 kD and pI close to 4.5 to 6.6. Infertility without evidence of endometriosis was not associated with changes in the relative abundance of proteins present in the peritoneal fluid.
However, mild endometriosis was associated with a mild reduction in the amount of several peritoneal protein spots with the approximate molecular weights of 35-40 kD and pI close to 5.7-6.0. These changes became markedly apparent in the peritoneal fluid of patients who suffered from the severe form of this disease. Severe endometriosis was also associated with appearance of protein spots in the gels that were not detectable in the peritoneal fluids of normal subjects. Consistent with these data, enzyme-linked immunosorbent assay showed that moderate to severe endometriosis was associated with markedly elevated levels of IL-10 in the peritoneal fluid.
Reverse transcription followed by polymerase chain reaction amplification using primers specific to IL-10 confirmed presence of IL-10 mRNA in cells derived from peritoneal fluids. These findings show that endometriosis is associated with disturbed secretion of proteins into the peritoneal cavity and with an elevated level of IL-10 in the peritoneal fluid. The studies also show cells resident in peritoneum as a major source of IL-10.
INTRODUCTION
Endometriosis is defined as the presence of endometrial tissue composed of endometrial glands, stroma or both outside the endometrial cavity. This disease can be associated with pelvic pain, dysmenorrhea, abnormal bleeding and infertility (1) . Various lines of evidence suggest that a number of abnormalities exist in the endometriotic tissues, the peritoneal fluids and the endometrium of patients with endometriosis (reviewed in 2,3). The endometrial tissues that reside in ectopic foci exhibit a number of differences from the eutopic endometrium such as expression of interleukin-1 receptor antagonist (4), IL-6 receptor (5), HLA-DR (6), proliferation of endometrial cells (7) and secretion of proinflammatory cytokines (8) . Furthermore, it has been suggested that the eutopic endometrium in patients with endometriosis exhibits abnormal characteristics such as aberrant expression of ß3 integrin (9) . Additional abnormalities have been reported in the peritoneal fluids of patients with endometriosis. This includes an increased number of peritoneal macrophages (10, 11) , decreased natural killer cell activity (12), increased levels of angiogenic (13) , and chemotactic (14) activities, the presence of a unique 32-kD protein (15) , the increased synthesis and secretion of complement component-3 (16) and increased levels of CA-125 (17) . Elevated levels of cytokines such as bioactive or immunoreactive IL-1, IL-2, IL-4, IL-6, IL-8, IFN? ? TNF-? , RANTES, and TGF-ß have been reported in the peritoneal fluids of women with endometriosis (18) (19) (20) (21) (22) (23) (24) (25) (26) . It has been suggested that these factors may contribute to the infertility that is frequently observed in patients with endometriosis (2, 18) . In particular TNF-? has been shown to be both embryotoxic and spermatotoxic (27) . In view of the presence of macrophages and cytokines in the peritoneal fluid of women with this disease, it has been suggested that the development of endometriosis may be immune mediated. IL-10 has emerged as a cytokine with immunosuppressive and immune modulatory activities (28) (29) (30) (31) , although conflicting reports on the levels of this cytokine in the peritoneal fluid of patients with endometriosis have been described (32) (33) (34) .
In this report, the impact of endometriosis on peritoneal fluid proteins was examined by two-dimensional gel electrophoresis patterns of proteins in peritoneal fluids of normal fertile control patients, as compared with those in the peritoneal fluids from endometriosis patients. The results of these studies demonstrated changes in the relative amounts of several protein spots. We also quantitated the relative abundance of IL-10 protein in these fluids, as well as IL-10 mRNA in the cells present in the peritoneal fluids.
MATERIALS AND METHODS

Materials
Human IL-10 primers and primers to ß-actin were obtained from Stratagene Inc. (La Jolla, CA). The expected sizes of the amplicons were respectively 432 and 661 (35, 36) . The sequence of the forward 5' primer for IL-10 which starts at nucleotide 27 is: AAGGATCCATGCACAGCTCAGCAC and the sequence of the reverse 3' primer which ends at nucleotide 453 is: CTGCACCACTGCCTTGCTCTTATT. The sequences of primers for ß-actin were as follows: 5' primer: TGACGGGGTCACCCACACTGTGCCCATCTA and 3' primer: CTAGAAGCATTTGCGGTGGACGATGGAGGG. These primers were synthesized on a DNA synthesizer and purified by HPLC. To verify the identity of the PCR products, the upper and lower IL-10 amplified bands were removed from agarose gels, purified using the Qiaex II kit according to the manufacturer's recommendations (Qiagen, Chatsworth, CA), cloned into pBluescript II and sequenced. The DNA was sequenced with Sequenase ver. 2.0 (Amersham, Life Sciences, Arlington, IL) using the dideoxy chain termination method (37) .
All reagents used in the reverse transcription were obtained from Promega (Madison, WI). The Perkin Elmer Cetus GeneAmp Kit was obtained from Perkin Elmer (Norwalk, CT). The molecular weight standards, φX174 RF DNA/Hae III fragments and 123 base pair ladder, were obtained from Gibco-BRL Life Technologies (Gaithersburg, Maryland).
These molecular weight standard markers allow size determination of double stranded DNA from 123 to 3,075 base pairs.
Subjects
The patient population in this study was approximately 50% caucasian, 30% African American and 20% Hispanic women; all were of reproductive age and not using any form of hormonal therapy. Laparoscopic examination with sampling was done to confirm the presence of endometriosis and the severity of disease was staged according to the revised American Fertility Society guidelines (38) . The subjects included were normal fertile women undergoing bilateral tubal ligation (n=10), women with infertility and without clinical or laparoscopic evidence of endometriosis (n=10), women with mild endometriosis (revised AFS stages I to II, n=12) and women with severe endometriosis (revised AFS stages III to IV, n=12). Approval of this project was obtained from the review boards of the institution.
Processing of peritoneal fluids
Cul de sac fluid was obtained within ten minutes after induction of general anesthesia and immediately after the introduction of laparoscopic instruments as described (23) . All peritoneal fluid specimens were cultured to verify the absence of microbial contamination. Peritoneal fluids were xanthochromatic in color and there was no gross evidence of contamination with blood. To show that these fluids were not contaminated with blood, hemoglobin levels were measured in these fluids and in the sera of patients. The amount of hemoglobin was measured by CellDyne 3000 (Abbott Laboratories, Chicago, IL). The instrument measures hemoglobin in the range of 0-30 gram/dl. The average level of hemoglobin in the serum samples was 12.5 g/dl whereas the level detected in the peritoneal fluids ranged from 0-0.1 gram/dl which is equivalent to those detected in the buffer used for detection of the background levels. Cells were recovered from the fluids by centrifugation (300 x g, 10 min, 4 o C). Both cells and supernatant fluids were flash frozen at -80 o C. Previous studies showed that cells recovered from the fluids in such a fashion were comprised of >90% CD45 positive leukocytes (39).
Two dimensional (2D) gel electrophoresis
The peritoneal fluids analyzed by 2D gel electrophoresis consisted of fluids from 6 normal fertile controls, 6 infertile women, 6 women with mild endometriosis and 6 women with severe endometriosis. The fluids were dialyzed (molecular weight cut-off =8000 kD) against three changes of 1 mM Tris-HCl, pH 8.2 to remove electrolytes and other compounds that potentially interfere with the isoelectric focusing. The protein concentrations of the remaining fluids were then estimated by the method of Bradford (40). Two dimensional gel electrophoresis with isoelectric focusing (IEF) in the first dimension (41) was carried out as described (42, 43) . Briefly, 300 µg of dialysis equilibrated proteins were suspended in 25 µl of a buffer of 5 mM K 2 CO 3 containing 9.4 urea, 2% (v/v) nonidet P-40 and 0.5% (w/v) dithiothreitol (DTT). The first dimension of the gel electrophoresis was performed for 18 hours at 400V in 130 mm x 1.2 mm, in 4% (W/V) polyacrylamide gels containing 2% carrier ampholytes (1.6% pH 5-7, Serva; 0.4% pH 3.5-10, LKB). First dimensional gels were equilibrated in 3 ml (3 min at room temperature) of equilibration solution (0.06 M Tris-HCl, pH 6.8; 2% SDS; 100 mM DTT and 10% glycerol) (41). Gels were then stored at -20 o C until use. First dimensional gels were applied to the second dimension with the aid of agarose solution (0.06 M Tris-HCl, pH 6.8; 2% SDS; 100 mM DTT; 10% glycerol; 1% agarose and 0.002% bromophenol blue) (41). SDS-PAGE (15% running gel and 5% stacking gel) was then carried out. The gels were then stained with silver as described by the manufacturer (Biorad, Hercules, CA). The pI and molecular weights were estimated from pI/molecular weight standards (Biorad) that were run in both dimensions and the molecular weight markers that were run in the second dimension. The relative optical densities of the spots were obtained by laser scanning densitometry using SigmaGel analysis software (Jandel Scientific Software, San Rafael, CA).
Enzyme linked immunosorbent assay (ELISA) for demonstration of IL-10
Peritoneal fluid IL-10 levels were quantified using commercially available IL-10 kits (Biosource International; Camarillo, CA). Assays were performed, according to the manufacturer's instruction, on the peritoneal fluids diluted 1:4. The amount of IL-10 in each sample was interpolated from a graph based on optical densities derived from a series of standards. The sandwich ELISA detects both natural and recombinant IL-10 in human serum, plasma or cell culture fluids. The assay is highly specific for IL-10; the lower detection limit of the assay is <5 pg/ml.
Reverse transcription-polymerase chain reaction
Total RNA was obtained using TriReagent (MRC Inc., Cincinnati, OH), and used according to the protocol specified by the manufacturer. Briefly, cells (10 6 -10 7 ) derived from the peritoneal fluids were lysed in 0.8 ml of TriReagent solution in the presence of glycogen carrier. Supernatant containing RNA was combined with 0.2 ml of chloroform, precipitated with isopropanol and washed with 70% ethanol. The RNA pellet was dissolved in RNAse-free water and incubated at 37 o C with 40 U DNAse I (Gibco-BRL Life Technologies) for 30 minutes. The reaction was terminated by the addition of EDTA (20 mM) and incubated for 10 min at 65 o C. Total RNA was precipitated overnight at -80 o C by the addition of three volumes of absolute ethanol-sodium chloride mixture. The quantity of the RNA was determined spectrophotometrically.
Total RNA was reverse transcribed to cDNA as described (Rappopolee et al., 1988; Sambrook et al., 1989) . Briefly, total RNA was reverse transcribed in a 20 µl volume containing 2 µg RNA; 0.2 µg oligo(dT), 1.25 mM of each of dATP, dCTP, dGTP, dTTP; 5 U AMV reverse transcriptase; 10 mM MeHgOH, 88 mM ß-mercaptoethanol; 10 U RNAsin; 100 mM Tris-HCl (pH 8.3); 40 mM KCl and 10 mM MgCl 2 . After 60 minutes of incubation at 42 o C, the reaction mixture was heated to 95 o C for 3 minutes. Following addition of 5 U of AMV, the reverse transcription was carried out for an additional 60 minutes. After a final incubation at 95 o C for 3 minutes, reverse transcription was terminated by placing the reaction mixture at 0 o C.
PCR was carried out as described (44, 45) . Briefly, 1 µg of reverse transcribed RNA was amplified with 0.5-1 µM of each of the 5' and 3' primers specific for IL-10 in a 50 µl reaction volume containing 1.25 U AmpliTaq DNA polymerase, 1.25 mM MgCl 2 , 20 µM of each of dATP, dCTP, dGTP, dTTP, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, and sterile distilled water. Negative control tubes received nonreverse transcribed RNA to verify absence of contaminating DNA. Positive control tubes received all the reagents in the reaction mixture, however, the primers used were specific for ß-actin. The reaction mixture was overlayered with 50 µl of mineral oil and the tubes were heated for 5 minutes at 95 o C. After initiation of temperature cycling with a Dual-Block Thermal Cycler (Ericomp, San Diego, CA), samples were amplified for 35 cycles. The denaturation temperature was 95 o C for 1 minute, annealing temperature was 55 o C for 1 minute and the extension temperature was 72 o C for 2.5 minutes. Temperature cycling was concluded with a final extension at 72 o C for 10 minutes and the reaction products were maintained at 4 o C. Amplified products were resolved in a 2% agarose gel and the bands were visualized by ethidium bromide staining. The φX174 Hae III RF DNA fragments and the 123 basepair DNA ladder were used as molecular weight markers.
Statistical analysis
Data were analyzed using SigmaStat statistical software (Jandel Scientific, San Rafael, CA). KruskalWallis one way analysis of variance (ANOVA) on ranks was used to compare the values among various groups. Levene median test was used to determine homogeneity of variances. When significant differences were noted with ANOVA, the Dunns method was used to compare results of normal group with the patient groups.
RESULTS
The peritoneal fluids from four patient groups were subjected to two-dimensional gel electrophoresis. In order to ensure reproducibility, the fluids from six individual patients per group were examined. The peritoneal fluids from normal controls exhibited approximately 73 protein spots that were resolvable by silver staining of the gels ( Figure 1A) . Comparison of the spots found in these twodimensional gels with those observed in the peripheral blood showed that several major protein spots were the same as those present in the peripheral blood ( Figure 1B) . Immunblotting revealed that one of the major protein spots corresponds to albumin with a molecular weight of 70 kD (open arrowhead a, Figure 1 A-D) . Except for these proteins, the protein spots within peritoneal fluids were distinctly different from those found in the peripheral blood. The protein spots observed in women with infertility and without evidence of endometriosis did not differ from those found in the normal healthy controls (data not shown). In contrast, endometriosis was associated with changes in the peritoneal fluid proteins, as detectable by two-dimensional gel electrophoresis. Mild endometriosis led to only minimal loss of proteins in the peritoneal fluid in the size ranges of approximately 35 to 40 kD and pI between 5.7 to 6.0 (closed arrowheads, Figure 1C ). On the other hand, in the severe form of the disease, a greater decrease of the same protein spots was seen (closed arrowheads, Figure 1D ).
Several protein spots appeared in the peritoneal fluids of patients with severe endometriosis that were not readily detectable in the peritoneal fluids of normal controls or patients with either infertility or mild endometriosis. For example, in peritoneal fluids from women with severe disease, a mean relative optical density of 2295 was observed for the protein spot with a molecular weight above 110 kD and pI close to 5.0 (curved arrow 1, Figure  1D ), whereas the mean relative optical densities of the same spot in the normal controls was 422±76(SD). In the fluids from severe endometriosis patients, the mean relative optical densities of the protein spots with a molecular weight close to 20 kD and pI of 5.6 and 5.7 (curved arrows 2 and 3, Figure 1D ) were respectively 2059±234 and 1077±646. The mean relative optical densities of the same spots in the normal subjects were respectively 448±301and 117±17. These findings show a two to four fold increase in the amount of these proteins in severe endometriosis.
The two-dimensional gel electrophoresis data indicated that the presence of endometriosis markedly altered the type and amount of proteins present and/or secreted into the peritoneal fluid and that the severe form of this disease was associated with a clear increase in the amount of specific proteins. Peritoneal fluid is known to contain a variety of growth factors and pro-inflammatory cytokines, the levels of which are generally reported to be increased in the peritoneal fluids of patients with endometriosis (18) (19) (20) (21) (46) (47) (48) . Less clear, however, is the role of immunosuppressive cytokines, such as IL-10, in endometriosis. We found that the amounts of IL-10 in the peritoneal fluids from infertile women or women with mild endometriosis did not significantly differ from those observed in the normal control subjects (p=0.5216, Figure  2 ). In marked contrast, the amounts of IL-10 in the peritoneal fluids of women with severe endometriosis was elevated more than 10-fold relative to all other patient groups (p=0.000126). In addition, our previous studies demonstrated no significant differences in the amount of several cytokines in relation to the phase of the menstrual cycle in these fluids (5, 23) .
The leukocytes present within the peritoneal fluid have been shown to be a major source of the cytokines detected within this fluid (48-51). We therefore looked for the presence of IL-10 mRNA within these cells. In all the samples examined, reverse transcription of RNA isolated from cells derived from peritoneal fluids followed by amplification of the cDNA with amplimers specific to IL-10 showed presence of an amplified product of the expected size (432 base pairs; Figure 3 ). However, an additional band was also observed in these samples. To show that presence of such a band was not related to the presence of contaminating DNA, the reverse transcription was omitted. Such samples failed to produce an amplified product. Reverse transcription followed by amplification using primers specific to ß-actin as a positive control revealed an amplicon with a size different than the IL-10 amplicon and with a size expected for ß-actin amplicon ( Figure 3, lane 2) . The amplified product of IL-10 was obtained in all the RT-PCR reactions regardless whether RNA was derived from normal subjects or any of the patient groups.
To verify the identity of the IL-10 RT-PCR products, the upper and lower bands visible on the agarose gel were cloned into pBluescript II vector and sequenced. The upper band contained all the 432 bp of IL-10 sequence expected from amplification of the cDNA with IL-10 specific primers. Although truncated at its 5' end, the sequence of the lower band also exactly matched the IL-10 sequence.
DISCUSSION
In this study, we have shown that endometriosis was associated with changes in the amounts and types of proteins that predominate within peritoneal fluid. Twodimensional gel electrophoresis demonstrated that these alterations consisted of the loss of several major protein spots and the appearance of protein spots that were not detectable in peritoneal fluids from normal subjects. Consistent with the latter findings, we showed by ELISA that severe endometriosis was associated with a significant increase in the amount of IL-10 protein in the peritoneal fluid, which was correlated with IL-10 mRNA expressed in the peritoneal cells present in this fluid. These findings corroborate previous reports which indicate the presence of endometriotic foci within the peritoneum markedly alters the peritoneal micro-environment (10) (11) (12) (13) (14) (15) (16) (17) .
In general, two basic mechanisms have been postulated as playing a role in the intraperitoneal changes which occur in endometriosis. Endometriotic tissue differs significantly from normal endometrium and, therefore, may itself be a source of these changes via secretion of unique proteins and cytokines. Several groups have demonstrated that polypeptides synthesized and released by endometriotic tissues were different from those released from eutopic endometrium (15, 52, 53) . The number of cells exhibiting proliferating cell nuclear antigen was shown to differ in endometriotic tissue as compared with the eutopic endometrium (7). Immunoreactivity for IL-1 receptor antagonist was found to be absent in ectopic endometrium but was detected in eutopic endometrium (4) . We demonstrated that ectopic endometrial stromal cells exhibit significantly elevated spontaneous release of IL-6 and were nonresponsive to IL-6 mediated growth inhibition which was associated with reduced IL-6 receptor expression (5) . In contrast, eutopic endometrial stromal cells spontaneously released little IL-6, showed high expression of IL-6 Figure 1 . Two-dimensional gel electrophoresis from proteins in peritoneal fluid. The proteins within peritoneal fluids were examined by two-dimensional gel electrophoresis followed by silver staining as indicated. The subject population consisted of normal fertile control women (n=6, Figure 1A) , women with infertility and without clinical or laparoscopic evidence of endometriosis (n=6, not shown), women with mild endometriosis (n=6, Figure 1C ), and women with severe endometriosis (n=6, Figure 1D ). The data presented are representative of all the specimens that were examined. 1A: Normal control peritoneal fluid. 1B: Peripheral blood from control. 1C: Mild endometriosis peritoneal fluid. 1D: Severe endometriosis peritoneal fluid. Note that some protein spots found in peripheral blood (both cells and plasma; blank arrows) as shown in Figure 1B are also observed in the peritoneal fluid ( Figure 1A, 1C and 1D ). Immunoblotting showed that the major protein band with a molecular weight of 70 kD (shown by open arrowhead a) is albumin. A decrease was noted in the relative abundance of several protein spots (black arrows) in the peritoneal fluid of patients with mild endometriosis ( Figure 1C ) as compared with those found in the peritoneal fluids of control subjects ( Figure 1A) . Severe endometriosis was associated with a marked reduction or disappearance of several protein spots in the peritoneal fluid (black arrows; Fig 1D) and a dramatic increase in the amount of several other protein spots (curved arrows; spots numbered as 1-3 in Figure 1D ). receptor and were growth inhibited by this cytokine (54). On the other hand, it is conceivable that the presence of endometriotic implants may alter the number of peritoneal cells, their phenotype or activation status. In this regard, the natural killer activity of lymphocytes derived from peritoneal fluid was shown to be decreased in endometriosis patients (12). Peritoneal fluids of patients with endometriosis were found to contain factors that activate macrophages (48) and pelvic macrophages of women with endometriosis were found to be activated (39, 49) and their maturation to be disturbed (50) . Among the many intraperitoneal changes that occur in this disease, significant increases in the amounts of a variety of cytokines have been described. Elevated levels of IL-1, IL-2, IL-4, IL-8, TNF-α, RANTES, and TGF-ß have been reported in the peritoneal fluids from women with endometriosis and generally, the increase in the amount of cytokine correlated with the severity of the disease (18-20, 22, 24, 26) . We found significantly elevated levels of IL-6 in the peritoneal fluids from patients with severe endometriosis (5) and that peritoneal leukocytes from women with disease exhibited increased spontaneous IL-6 production (23). Similarly, Rana et al. (25) found that elevated levels of IL-8 and TNF-α in the peritoneal fluids of women with endometriosis correlated with enhanced activity of peritoneal macrophages from these patients to synthesize and secrete these cytokines.
Conflicting results have been reported on the amount of IL-10 in the peritoneal fluids of women with endometriosis. Elevated levels of this cytokine have been demonstrated in patients with this disease, as compared to normal fertile women undergoing tubal ligation (33, 55) , although no determination of IL-10 as a function of disease stage was assessed in either of these studies. In contrast, McLaren and colleagues (32) found no difference in the levels of IL-10 in the peritoneal fluids of women with and without endometriosis, although a reduction in the amount of IL-13 in these fluids was observed in women with disease. D'Hooghe et al. (34) reported no differences in the amounts of several cytokines, including IL-10, in either peritoneal fluid or peripheral blood from women with superficial versus deeply infiltating endometriosis. Rana and coworkers (25) observed no differences in IL-10 protein levels in the peritoneal fluids of patients with severe disease, as compared to normal fertile women, although the peritoneal macrophages from the endometriosis patients exhibited IL-10 mRNA, as well as increased basal and stimulated synthesis of IL-10 protein. It was postulated that this discrepancy could be a function of assay conditions used, and may reflect masking of IL-10 bound to proteins within peritoneal fluid or increased IL-10 metabolism in women with disease. Wu and colleagues (56) also showed that peritoneal macrophages from women with endometriosis exhibited higher lipopolysaccharide induced IL-10 production as compared to normal controls.
Studies suggest that IL-10 may play a role in the regulation of auto-antigen driven responses (57) and, therefore, could be part of the molecular repertoire driven by auto-reactive T cells specific to endometrium which may be present in the peritoneal fluid of patients with endometriosis. In this regard, we have previously demonstrated the presence of a unique CD8/S6F1+ cytotoxic peritoneal T cell subpopulation (39) . The increased secretion of IL-10 may also be part of the general response to the signal(s) that leads to an increased level of many cytokines in peritoneal fluids of patients with endometriosis (18) (19) (20) (21) . On the other hand, since IL-10 actively inhibits the secretion of cytokines such as IL-1, IL-6, and TNF-α (30, 31) , the increased levels of IL-10 in the peritoneal fluids of patients with severe endometriosis may be secondary and reflect a reactive response to the elevated levels of cytokines in these fluids. Consistent with this concept, when the activity of IL-10 was neutralized in mice by the administration of neutralizing anti-IL-10 antibodies, significant changes in the levels of cytokines such as IL-6, IFNγ and monokines appeared in the peripheral circulation (58). Furthermore, it has been suggested recently that the progression of endometriosis may be associated with a shift characterized by the induction of cell mediated immunity via elaboration of Th1 cytokines, including IL-2, IL-12 and IFNγ observed in mild disease, towards the production of an immunosuppressive response in severe disease associated with the production of Th2 cytokines including IL-4, IL-6 and IL-10 (2, 24).
In summary, the present report demonstrates that both mild and severe endometriosis was associated with significant changes in the relative abundance of proteins present within the peritoneal fluid. These studies also show that severe disease was associated with a dramatic increase in the amount of IL-10 present in this fluid. Taken together, these findings provide further evidence that the presence of ectopic endometrium within peritoneal cavity markedly alters the micro-environment of peritoneal fluid.
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